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FEDERAL AVIATION ADMINISTRATION 

SUB J: SYSTEM REQUIREMENTS STATEMENT FOR AUTOMATED WEATHER OBSERVING SYSTEMS :I 
1. PURPOSE. Th i s  o r d e r  e s t a b l i s h e s  the  system requirements  f o r  automated weather 
obse rv ing  systems (AWOS) which a r e  c o n s i s t e n t  with the  Na t iona l  Ai r space  System 
P lan .  

2 .  DISTRIBUTION. Th i s  o rde r  i s  d i s t r i b u t e d  to  the  d i v i s i o n  l e v e l  i n  the  A i r  
T r a f f i c ,  A c q u i s i t i o n  and M a t e r i e l ,  Program Engineer ing and Maintenance, and Systems 
Engineer ing  S e r v i c e s ;  t o  the  Advanced Automation Program O f f i c e  and the  O f f i c e s  of 
F l i g h t  O p e r a t i o n s ,  A i r p o r t  Planning and P r o g r a m i n g ,  A i r p o r t  Standards ,  Budget, 
Ai rwor th iness ,  Avia t ion  S a f e t y ,  Avia t ion  P o l i c y  and P l a n s ,  Environmental and 
Energy, and I n t e r n a t i o n a l  Avia t ion ;  t o  the  d i v i s i o n  l e v e l  i n  the  r e g i o n a l  F l i g h t  
S t a n d a r d s ,  Airway F a c i l i t i e s ,  and L o g i s t i c s  D i v i s i o n s ;  and t o  the d i v i s i o n ; l e v e l  a t  
t h e  FAA Technical  Cen te r  and the  Avia t ion  Standards  Na t iona l  F i e l d  Of f i ce .  

3. DEFINITIONS. 

a.  Automated Weather Observat ion System (AWOS). The automated weather 
obse rv ing  system i s  an automated system which, a s  a  minimum, r o u t i n e l y  d e t e c t s  and 
r e p o r t s  cloud cover and h e i g h t ,  v i s i b i l i t y ,  p r e c i p i t a t i o n  occurrence ,  windspeed and 
d i r e c t i o n ,  a l t i m e t e r  s e t t i n g ,  temperature ,  dewpoint temperature ,  and d e n s i t y  
a l t i t u d e  informat  i o n  t o  a v i a t i o n  u s e r s  v i a  va r ious  means, inc lud ing  computer- 
genera ted  voice.  Systems which have t h i s  c a p a b i l i t y ,  even though observers  a r e  
used t o  v e r i f y  and/or v a l i d a t e  c e r t a i n  weather parameters ,  a r e  c l a s s i f e d  a s  AWOS. 
T h i s  d e s c r i p t i o n  i s  t h e  b a s i c  AWOS. Other  parameters ,  such as thunderstorm 
a c t i v i t y  and f r e e z i n g  r a i n  d e t e c t i o n ,  may be added when a v a i l a b l e  and j u s t  i f  ied .  

b. Densi ty  A l t i t u d e .  The p r e s s u r e  a l t i t u d e  c o r r e c t e d  fo r  temperature  
d e v i a t i o n s  from the  s t andard  atmosphere. 

c. Root Mean Square E r r o r  (RMSE). S t a t i s t i c a l  method f o r  computing an 
average  e r r o r  of many d a t a  points .  

4.  STATEMENT OF THE PROBLEM. Accurate  and r e l i a b l e  weather informat ion must be 
provided a t  s u f f i c i e n t  l o c a t i o n s  t o  meet the  needs of p i l o t s ,  o p e r a t o r s ,  and a i r  
t r a f f i c  c o n t r o l  (ATC) f a c i l i t i e s  wi thout  i n c u r r i n g  the  h igh c o s t s  of us ing the  
c u r r e n t  l a b o r - i n t e n s i v e  manual s u r f a c e  weather obse rva t ion  system t o  provide t h i s  
s e r v i c e .  

a .  A i r p o r t  s u r f a c e  weather obse rva t ions  c u r r e n t l y  provide the primary means 
of  o b t a i n i n g  in fo rmat ion  concerning weather cond i t ions  f o r  a i r p o r t s  w i t h i n  the  
Na t iona l  Airspace  System (NAS). However, the  c u r r e n t  obse rva t ion  system i s  l imi ted  
p r i m a r i l y  t o  major a i r p o r t s  where the  obse rva t ions  a r e  taken by the Na t iona l  
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Weather S e r v i c e  (NWS) and to  a i r p o r t s  co-located with FAA-operated c o n t r o l  towers 
o r  F l i g h t  S e r v i c e  S t a t i o n s  (FSS) .  The a c q u i s i t i o n  and d i s semina t ion  of these  
o b s e r v a t i o n s  consume a  s i g n i f i c a n t  p o r t i o n  of time away from the c o n t r o l l e r ' s  
primary job  r e s p o n s i b i l i t y .  The reduc t ion  of secondary f u n c t i o n s  being performed 
by t h e  c o n t r o l l e r  i s  a  p a r t  of the o v e r a l l  ATC automation concept.  I f  weather 
o b s e r v a t i o n s  a r e  a v a i l a b l e  a t  o t h e r  a i r p o r t s ,  they a r e  u s u a l l y  provided by the  
u s e r s  themselves f o r  t h e i r  opera t ions  which r e q u i r e  t h i s  informat ion.  These 
o b s e r v a t i o n s  a r e  t aken ,  by NWS des igna ted  Supplemental Avia t ion  Weather Repor t ing 
S t a t i o n s  (SAWRS), us ing  obse rvers  and equipment provided by the  opera to r s .  SAW'S 
o b s e r v a t i o n s  a r e  g e n e r a l l y  taken only when needed by the  opera to r  providing the  
s e r v i c e ,  and a r e  not  r o u t i n e l y  a v a i l a b l e  t o  o t h e r  use r s .  

b. Although hour ly  s u r f a c e  weather obse rva t ions  a r e  taken a t  approximately 595 
a i r p o r t s  w i t h i n  the  Uni ted  S t a t e s  by the  Departments of Commerce (DOC) and 
T r a n s p o r t a t i o n  (DOT) and a t  207 a d d i t i o n a l  a i r p o r t s  by the  u s e r s  themselves,  
o p e r a t i o n s  under ins t rument  f l i g h t  r u l e s  (IFK) a r e  r e s t r i c t e d  f o r  commercial 
o p e r a t o r s  a t  over 1,200 a i r p o r t s  with ins t rument  approaches because they do not 
have a  l o c a l  weather r e p o r t i n g  c a p a b i l i t y .  However, IFR o p e r a t i o n s  conducted under 
F e d e r a l  Avia t ion  Regu la t ions  (FAR) P a r t  91 a r e  au thor ized  a t  l o c a t i o n s  wi thout  t h i s  
c a p a b i l i t y .  IFR o p e r a t i o n s  by commercial opera to r s  a r e  a l s o  r e s t r i c t e d  due t o  
par t - t ime o p e r a t i o n  of the  f a c i l i t y  a t  approximately 376 o f  the  802 a i r p o r t s  wi th  a  
weather  r e p o r t i n g  c a p a b i l i t y .  Addit i o n a l l y ,  IFK approaches by P a r t  91 o p e r a t o r s  at  
1,307 of  the  1,733 a i r p o r t s  with approved ins t rument  approach procedures a r e  ' 

c u r r e n t l y  conducted wi th  a l t i t u d e  informat ion based on a  remote a l t i m e t e r  s e t t i n g  
source .  The minimum a l t i t u d e  f o r  the  approach i s  inc reased  i n  r e l a t i o n  t o  the  
d i s t a n c e  from the  remote source  to account f o r  p o t e n t i a l  d i f f e r e n c e s  i n  barometr ic  
p r e s s u r e  a t  the  two l o c a t i o n s .  Ful l - t ime remote a l t i m e t e r  s e t t i n g  p e n a l t i e s  a r e  
r e q u i r e d  a t  approximate ly  931 a i r p o r t s  due t o  the  absence of a  l o c a l  weather 
obse rva t ion .  

c.  The con t inu ing  growth of a v i a t i o n  has  inc reased  the  demand f o r  weather 
r e p o r t s  and f o r e c a s t s  a t  a d d i t i o n a l  l o c a t i o n s .  The i n c r e a s i n g  c o s t  of f u e l  has 
a l s o  inc reased  the  demand f o r  improvements i n  the  e f f i c i e n c y  of NAS which depends, 
t o  a  degree ,  on the  accuracy and r e l i a b i l i t y  of the weather informat ion.  
Conversely,  the  e s c a l a t i n g  c o s t s  r e l a t e d  t o  manually ob ta ined  weather r e p o r t s  have 
i n c r e a s e d  the  demands t o  c o n s o l i d a t e  FAA FSS's and t o  develop new techniques f o r  
o b t a i n i n g  weather informat ion.  A d d i t i o n a l l y ,  the  c o s t  of manual weather 
o b s e r v a t i o n s  p r o h i b i t s  the  expansion of t h i s  system t o  provide weather informat ion 
a t  most a i r p o r t s  which have ins t rument  approaches,  but  l ack  a  weather r e p o r t i n g  
c a p a b i l i t y .  Weather in fo rmat ion ,  as  c u r r e n t l y  supp l i ed ,  i s  h i g h l y  l abor - in tens ive .  
There fo re ,  i t  i s  expensive  and marginal ly  adequate ,  due t o  the  slow response time 
of manual o b s e r v a t i o n  t echn iques ,  i n  those  cases  where weather events  a r e  r a p i d l y  
changing. Also ,  i n  c e r t a i n  a reas  of the  Uni ted  S t a t e s ,  s u r f a c e  weather and weather 
r a d a r  r e p o r t i n g  l o c a t i o n s  a r e  widely separa ted.  Since  c u r r e n t  f o r e c a s t i n g  
t echn iques  depend h e a v i l y  on the  a v a i l a b i l i t y  of weather r e p o r t s ,  the accuracy and 
r e l i a b i l i t y  of f o r e c a s t s  a r e  af  f e c t e d  w i t h i n  these  a reas .  

d. The r e s o l u t i o n  of these  c o n f l i c t i n g  f a c t o r s  r e q u i r e s  a  means of providing 
weather  obse rva t ions  a t  a d d i t i o n a l  l o c a t i o n s  and, a t  the  same time, s i g n i f i c a n t l y  
reducing t h e  c u r r e n t  l abor - in tens ive  manual obse rva t ion  system. 
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5. STATEMENT OF MISSION NEEDS AND OPERATIONAL REQUIREMENTS. There i s  a  need to  
r e g u l a t e  f l i g h t  o p e r a t i o n s  i n  nav igab le  a i r s p a c e  i n  the  i n t e r e s t  of s a f e t y  and 
e f f i c i e n c y .  Accurate  and r e l i a b l e  weather informat ion is e s s e n t i a l  t o  accomplish 
t h i s  mission.  

a .  Weather in fo rmat ion  i s  needed f o r  o p e r a t i o n s  en r o u t e  and i n  t e rmina l  a reas  
t o  determine the  c o n d i t i o n s  l i k e l y  t o  be encountered dur ing  a  p a r t i c u l a r  f l i g h t  or 
a  s e r i e s  of f l i g h t s .  Informat ion concerning hazardous weather is e s p e c i a l l y  needed 
due t o  t h e  p o t e n t i a l l y  s e r i o u s  impact t h e s e  c o n d i t i o n s  may have on a i r c r a f t  
performance or  a i r c r a f t  s t r u c t u r a l  i n t e g r i t y .  Because of these  l i m i t a t i o n s ,  each 
o p e r a t o r  needs t o  be f a m i l i a r  with a l l  weather in fo rmat ion  r e l a t i v e  t o  each f l i g h t  
t o  ensure  t h a t  t h e  f l i g h t  i s  p roper ly  planned and s a f e l y  conducted. 

b. Since  t h e  ATC system i s  a f f e c t e d  by weather c o n d i t i o n s ,  ATC f a c i l i t i e s  need 
e n  r o u t e  and t e r m i n a l  weather in fo rmat ion  t o  ensure  the  s a f e  and e f f i c i e n t  
u t i l i z a t i o n  of the  a i r s p a c e  and a i r p o r t s  w i t h i n  t h e i r  a r e a  of r e s p o n s i b i l i t y .  

c. I t  i s  e s s e n t i a l  t o  mainta in  an o v e r a l l  system f o r  ob ta in ing  a c c u r a t e  and 
r e l i a b l e  weather in fo rmat ion  a t  l o c a t i o n s  c u r r e n t l y  providing weather r e p o r t s .  It 
i s  a l s o  h i g h l y  d e s i r a b l e  t o  expand the  system, t o  t h e  e x t e n t  p o s s i b l e ,  to  meet use r  
needs by p rov id ing  t h i s  informat ion a t  o t h e r  l o c a t i o n s  f o r  the  conduct of : IFR'  
o p e r a t i o n s  by commercial opera to r s .  Due t o  the  e s c a l a t i n g  c o s t s  r e l a t e d  t o  the  
l a b o r - i n t e n s i v e  n a t u r e  of manual s u r f a c e  weather obse rva t ions ,  it i s  a l s o  e s s e n t i a l  
t o  use  a  system which s i g n i f i c a n t l y  reduces  these  c o s t s .  

d. As a  minimum, t h i s  o v e r a l l  system and i t s  a s s o c i a t e d  equipment must meet 
t h e  fo l lowing FAA requirements :  

( 1 )  D e t e c t  and r e p o r t  weather cond i t ions  t h a t  a r e  r e p r e s e n t a t i v e  of the 
a c t u a l  c o n d i t i o n s  encountered a t  t h a t  loca t ion .  

( 2 )  D e t e c t  and r e p o r t  any s i g n i f i c a n t  v a r i a t i o n s  i n  the  a c t u a l  weather 
c o n d i t i o n s  t h a t  occur  i n  the  l o c a l  environment i n  a  t ime ly  manner. 

( 3 )  Detec t  and r e p o r t  p o t e n t i a l l y  hazardous weather cond i t ions .  

( 4 )  Detec t  and i n h i b i t  the  r e p o r t i n g  of er roneous  information.  

( 5 )  De tec t  and r e p o r t  s u f f i c i e n t  informat ion f o r  the  conduct of IFR 
o p e r a t i o n s  a t  t h a t  a i r p o r t .  

( 6 )  Prov ide  weather informat ion of s u f f i c i e n t  accuracy and r e l i a b i l i t y  to  
e n s u r e  s a f e  and e f f i c i e n t  a i r  navigat ion.  

(7) Prov ide  weather informat ion equ iva len t  or  s u p e r i o r  t o  the  r e p o r t s  
c u r r e n t l y  ob ta ined  a t  t h a t  l o c a t i o n .  

( 8 )  P rov ide  f o r  the s t o r a g e  and r e t r i e v a l  of weather informat ion f o r  
a c c i d e n t  i n v e s t i g a t i o n  purposes. 

P a r  5 Page 3 



( 9 )  Provide  weather informat ion t o  the  u s e r s  i n f l i g h t  and f o r  planning 
purposes p r i o r  t o  f l i g h t .  

(10)  P r e s e n t  t h e  weather informat ion t o  the  u s e r s  i n  a  t imely  manner 
u t i l i z i n g  a  s e l f - e v i d e n t ,  p l a i n  language format. 

(11)  Have no c h a r a c t e r i s t i c  which could adverse ly  a f f e c t  the  s a f e t y  of 
f l i g h t .  

(12)  Have system performance which is accep tab le  t o  the  use r s .  

(13)  Funct ion p roper ly  under a l l  normal environmental  cond i t ions  
encountered a t  t h a t  l o c a t i o n .  

(14)  Disp lay  p r e s e n t  weather obse rva t ion  a t  the  a p p r o p r i a t e  p o s i t i o n ( s )  
w i t h i n  the  ATC f a c i l i t i e s  having weather obse rva t ion  r e s p o n s i b i l i t i e s .  

NOTE: I f  a  p a r t i c u l a r  weather parameter cannot be provided 
by the  automated s u r f a c e  weather r e p o r t i n g  system, 
a c c u r a t e  and r e l i a b l e  informat ion concerning t h i s  
parameter must be provided by o t h e r  means (e.g.,  
o b s e r v e r s ,  r a d a r ,  e t c . ) .  Also ,  the  primary need t o  
be s a t i s f i e d  by these  systems i s  t o  provide the  
in fo rmat ion  t o  the  p i l o t  who needs i t  most (approach 
and d e p a r t u r e  o p e r a t i o n s ) .  There fo re ,  i n s t a l l a t i o n  
of  systems t o  suppor t  the  expanding needs of commercial 
o p e r a t o r s  should not  be delayed even i f  unforeseen 
problems should a r i s e  i n  connect ing the equipment i n t o  
t h e  n a t i o n a l  weather obse rva t ion ,  d i s semina t ion ,  and 
d a t a  s t o r a g e  systems. 

6 .  AWOS ACCURACIES. The fol lowing l i s t  of weather 
a c c u r a c i e s  r e f l e c t  t h e  parameters t o  be repor ted  by 
a l t i t u d e  w i l l  a l s o  be r e p o r t e d  by the  AWOS when i t  
f i e l d  e l e v a t i o n .  

parameters and the  requ i red  
the  b a s i c  AWOS. Densi ty  

i s  1,000 f e e t  or  more above the  

Parameters  Ac c  - uracy 

a. Temperature 1°F (RMSE) (-50°F t o  +130°F) 

b. ~ e w p o i n t  Temperature 2OF (RMSE) ( 3 0 " ~  t o  90°F, 80% t o  100% RH) 

3OF (RMSE) ( 3 0 ' ~  t o  90°F, 15% t o  75% RH) 

4OF (RMSE) ( - 3 0 " ~  t o  3 0 ° ~ ,  25% t o  95% RH) 

.02 i n .  Hg (RMSE) (28 in .  t o  32 in .  ~ g )  

5" (RMSE) (2-min. average) 

c.  A l t i m e t e r  S e t t i n g  

d. Wind D i r e c t i o n  
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e .  Windspeed 

f .  Wind Gust 

g. V i s i b i l i t y  

h. Cloud Height 

2  kns. (RMSE) (calm t o  20 kns.)  , 2-min. average 

10% (RMSE) (20 kns. t o  100 kns . ) ,  
2-min. average 

Same a s  Windspeed w i t h  5-sec. average 

Measure i n  t h e  fo l lowing  increments (mi . ) :  

+ 1 increment - 
Measure up t o  5,000 f t .  (Vsby. 3 m i . ,  no 
p rec ip .  ) 

+ 100 f t .  t o  2,000 f t .  - 

+ 10% accuracy,  2,000 f t .  t o  5,000 f t .  - 

i. P r e c i p i t a t i o n  Occurrence 2 .005 i n .  

7 .  ALTERNATIVES CONSIDERED AND PROGRAM MILESTONES. 

a .  A l t e r n a t i v e  S e l e c t e d  and Major Reasons f o r  t h i s  Se lec t ion .  The p rogress ive  
a l t e r n a t i v e  f o r  t h e  automation of s u r f a c e  weather obse rva t ions  has  been s e l e c t e d  a s  
t h e  concept of providing an  a c c u r a t e  and r e l i a b l e  s u r f a c e  weather obse rva t ion  
c a p a b i l i t y  when and where i t  i s  needed f o r  f l i g h t  o p e r a t i o n s  w i t h i n  t h e  NAS i n t o  
t h e  1990 time per iod  and beyond. These systems provide a  p r a c t i c a l  means of 
expanding t h e  weather observing and r e p o r t i n g  systems t o  inc lude  hundreds of IFR 
a i r p o r t s  t h a t  do n o t  now have, and probably never w i l l  have, a  manual weather 
o b s e r v a t i o n  c a p a b i l i t y .  The p rogress ive  a l t e r n a t i v e  w i l l  permit  automation of a l l  
s u r f a c e  weather parameters ,  except p r e s e n t  weather and o b s t r u c t i o n s  t o  v i s i o n ,  i n  
t h e  ve ry  near  f u t u r e .  The r e s u l t s  of r e c e n t  FAA and i n d u s t r y  automated weather 
development programs i n d i c a t e  t h a t  t h e  c u r r e n t  s t a t e  of technology w i l l  permit  t h e  
des ign  and e a r l y  implementation of t h e  automated systems which w i l l  have a  
s i g n i f i c a n t ,  p o s i t i v e  e f f e c t  on s a f e  and e f f i c i e n t  f l i g h t  opera t ions  a t  l o c a t i o n s  
c u r r e n t l y  wi thout  a  weather obse rva t ion  c a p a b i l i t y .  These development programs 
a l s o  i n d i c a t e  t h a t  t h e  s t a t e  of technology i s  approaching a  l e v e l  which w i l l  permit 
automated systems t o  be used a s  t h e  primary means of d e t e c t i n g  and r e p o r t i n g  most 
s u r f a c e  weather informat ion.  The m a j o r i t y  of t h e  technology t o  accomplish t h i s  
g o a l  c u r r e n t l y  e x i s t s ,  and ongoing programs a r e  expected t o  develop t h e  necessary  
new technology i n  t h e  f u t u r e .  

b. A t  A i r  T r a f f i c  Control  Towers (ATCT), t h i s  a l t e r n a t i v e  provides  t h e  
mechanism f o r  a c q u i r i n g  most of t h e  requ i red  weather informat ion and au tomat ica l ly  
d i s semina t ing  i t  t o  a i r c r a f t  and weather network communications. A t  loca t , ions  
where t h e r e  w i l l  be no NWS obse rver ,  t h e  parameters not  au tomat ica l ly  observed may 
be i n p u t  manually by t h e  c o n t r o l l e r  o r  c o n t r a c t  observer .  I f  t h e  tower i s  only 
open par t - t ime,  t h e  automat ic  observa t ion  w i l l  be disseminated wi thout  t h e  manual 
i n p u t s  when t h e  tower i s  closed.  
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c. Although some unforeseen d i f f i c u l t i e s  could p o s s i b l y  be encountered i n  the  
development of the  AWOS advanced sensors  t o  d e t e c t  p resen t  weather and o b s t r u c t i o n s  
t o  v i s i o n ,  t h e  p r o g r e s s i v e  automation a l t e r n a t i v e  provides  f l e x i b i l i t y  t o  account 
f o r  t h i s  p o s s i b i l i t y .  Th i s  a l t e r n a t i v e  permits  the  e a r l y  automation of these  
t a s k s  and reduces  o r  e l i m i n a t e s  the  h igh c o s t s  of ma in ta in ing  the  o b s o l e t e  
equipment c u r r e n t l y  i n  use.  A d d i t i o n a l l y ,  i n  t h i s  i n t e r i m  per iod ,  the  time which 
must be devoted t o  manual obse rva t ions  would be reduced and observers  could be 
a s s i g n e d  a d d i t i o n a l  d u t i e s  and c o n t r o l l e r s  would have a d d i t i o n a l  time t o  accomplish 
t h e i r  primary d u t i e s .  

d. The c a p a b i l i t i e s  of AWOS can be augmented, as eng inee r ing  development 
proceeds ,  with a d d i t i o n a l  ground sensors  and equipment t o  suppor t  a  f u l l y  automated 
s u r f a c e  weather o b s e r v a t i o n  c a p a b i l i t y .  The o b s e r v e r ' s  
o b s e r v a t i o n s  w i l l  be phased out  as  the  advanced sensors  
system. This  approach permits  the e a r l y  e l i m i n a t i o n  of 
t a s k s  wi thou t  degrading the  accuracy and r e l i a b i l i t y  of 
o b s e r v a t i o n s .  

r o l e  i n  s u r f a c e  
a r e  added t o  complete the 
the  most labor-  i n t e n s i v e  
s u r f a c e  weather 

e. The p r o g r e s s i v e  automation a l t e r n a t i v e  w i l l  provide s t andard ized  weather 
in fo rmat ion  which i s  a v a i l a b l e  f u l l  time and updated each 60 seconds. This  
a l t e r n a t i v e  w i l l  permit  t h e  expansion of the  s u r f a c e  obse rva t ion  system t o  meet the 
needs of the  u s e r s  wi thou t  i n c u r r i n g  the  h igh long-term c o s t s  of us ing the c u r r e n t  
l a b o r - i n t e n s i v e  system t o  provide t h i s  s e r v i c e .  

f .  Rejected A l t e r n a t i v e s .  

( 1 )  Do-nothing A l t e r n a t i v e .  Although t h i s  i s  a  simple a l t e r n a t i v e ,  t h i s  
approach w i l l  not  meet t h e  needs of FAR P a r t s  121 and 135 o p e r a t o r s ,  p a r t i c u l a r l y  
t h e  requirements  f o r  IFR o p e r a t i o n s  a t  l o c a t i o n s  c u r r e n t l y  wi thout  weather r e p o r t s ,  
o r  meet the  need f o r  improved s a f e t y  and e f f i c i e n c y  i n  the  NAS. A d d i t i o n a l l y ,  t h i s  
concept does not adequa te ly  address  the  e s c a l a t i n g  c o s t  of the h igh ly  labor-  
i n t e n s i v e  manual o b s e r v a t i o n  network. 

( 2 )  Expansion o f  t h e  Manual Observat ion Network A l t e r n a t i v e .  'Although 
t h i s  ,concept could meet u s e r  needs,  a  s i g n i f i c a n t  expansion of the  manual 
o b s e r v a t i o n  network would be requi;ed. This  could be accomplished by increased FAA 
and NWS s t a f f i n g  and equipment purchases,  by c o n t r a c t i n g  the  obse rva t ions ,  by 
i n c r e a s e d  use of SAWRS from i n d u s t r y  sources ,  o r  by a  combination of these  opt ions .  
However, t h i s  approach would be very  c o s t l y  due t o  the  l abor - in tens ive  n a t u r e  of 
manual obse rva t ions  and i s  not  considered a  p r a c t i c a l  a l t e r n a t i v e .  

( 3 )  F u l l  Automation o f  Complete Sur face  Weather Observation.  Since  t h i s  
concept  would provide  h igh  q u a l i t y  24-hour weather s e r v i c e  a t  a i r p o r t s  served by 
ins t rument  approaches,  i t  would be i d e a l  from the u s e r s  po in t  of view. This  
concept  would a l s o  permit  s i g n i f i c a n t  r educ t ions  i n  the  manual obse rva t ion  network 
and would a s s i s t  the  c o n s o l i d a t i o n  of FSS. However, an enhanced AWOS i s  very  
expensive  ( 3 7 5 ~  t o  425K each)  and would r e q u i r e  approximately $146 t o  $166 m i l l i o n  
t o  implement t h e s e  systems a t  e x i s t i n g  FAA r e p o r t i n g  l o c a t i o n s ,  $438 t o  
$496 m i l l i o n  t o  implement these  systems a t  a l l  e x i s t i n g  r e p o r t i n g  l o c a t i o n s ,  and a  
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t o t a l  of $507 t o  $574 m i l l i o n  t o  expand the  system t o  meet u s e r  needs. This 
concept is f r e q u e n t l y  c a l l e d  the  "gold-plated" approach due t o  these  high cos t s .  
A d d i t i o n a l l y ,  t h e  technology f o r  some of the AWOS advanced sensors  is s t i l l  under 
development which could delay the  implementation of t h i s  a l t e r n a t i v e  u n t i l  1990 o r  
beyond. 

g. Program Miles tones .  The program miles tones  of AWOS a r e :  

( 1 )  Demonstrat ion Cont rac t s  Awarded 12/82 

( 2 )  S p e c i f i c a t i o n  F i n a l  D r a f t  Completed 3/83 

( 3 )  Program Master P l a n  3/83 

( 4 )  I n s t a l l  Demonstrat ion U n i t s  8  183 

( 5 )  F i r s t  R e s u l t s  from Demonstrat ion Analyzed 11/83 

( 6 )  TSARC Key Decis ion #4 2/84 

( 7 )  RFP f o r  P roduc t ion  U n i t s  3/84 

( 8 )  Award C o n t r a c t ( s )  5/85 

( 9 )  I n s t a l l  F i r s t  P roduc t ion  Uni t  

8. POTENTIAL RULEMAKING ACTIONS. Rulemaking a c t i o n  is not r equ i red  f o r  the  
procurement and implementation of automat ic  s u r f a c e  weather systems. The Federal  
Avia t ion  Act of 1958 a s  amended a u t h o r i z e s  FAA t o  a c q u i r e ,  e s t a b l i s h ,  i n s t a l l ,  
o p e r a t e ,  and main ta in  apparatus  or  equipment f o r  the  d isseminat ion of weather 
informat ion.  However, s i n c e  FAR P a r t  121 o p e r a t o r s  must use weather information 
from sources  approved by NWS, rulemaking a c t i o n  may be requ i red  i f  NWS does not I 

approve t h e s e  systems f o r  a v i a t i o n  use. For non-Federal i n s t a l l a t i o n s ,  rulemaking 
a c t i o n  is r e q u i r e d  t o  r e v i s e  FAR P a r t  171 t o  include AWOS. 

9. RELATED FACTORS. 

a. P o t e n t i a l  B e n e f i t s  Assessment. The p r i n c i p a l  b e n e f i t s  t o  be r e a l i z e d  from 
t h e  implementat i o n  of AWOS a r e  the  inc reased  s a f e t y  and c a p a b i l i t y  f o r  IFR f l i g h t  
o p e r a t i o n s  a t  a i r p o r t s  w i t h i n  the  Uni ted  S t a t e s .  This a l t e r n a t i v e  a l s o  encourages 
and suppor t s  i n d u s t r y  development of systems which can q u a l i f y  f o r  Government 
suppor t  f o r  sponsor  i n s  t a l l a t  ion.  The implement a t  ion  of these  sys tems w i l l  a l s o  
reduce the  c o s t s  r e l a t e d  t o  the h ighly  l abor - in tens ive  na tu re  of manual weather 
obse rva t ions .  Both of these  f a c t o r s  a r e  s i g n i f i c a n t  due t o  the rap id  expansion of 
FAR P a r t  135 o p e r a t i o n s  and the  i n c r e a s i n g  demands f o r  improved weather s e r v i c e  i n  
t h e  i n t e r e s t  of s a f e t y  and e f f i c i e n c y  i n  the  NAS. These systems a r e  expected t o  
provide  the  u s e r s  wi th  high q u a l i t y  "real- t ime" weather informat ion and have the 
c a p a b i l i t y  t o  provide  t h i s  informat ion d i r e c t l y  t o  the  use r s  by va r ious  means, 
inc lud ing  the  use  of computer-generated voice  outputs .  These methods a r e  expected 
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t o  provide  c u r r e n t  weather informat ion when and where i t  i s  needed by the use r s .  
I n  doing so ,  t h e s e  systems provide inc reased  s a f e t y  and e f f i c i e n c y  i n  the conduct 
of IFR o p e r a t i o n s  by improving the  accuracy and r e l i a b i l i t y  of weather informat ion 
and by p e r m i t t i n g  IFR o p e r a t i o n s  by commercial opera to r s  a t  a d d i t i o n a l  a i r p o r t s  as 
w e l l  as  reducing o r  e l i m i n a t i n g  r e s t r i c t i o n s  a t  o the r s .  

b. The s a f e t y  i m p l i c a t i o n s  of providing accura te  and r e l i a b l e  weather 
in fo rmat ion  a t  a d d i t i o n a l  a i r p o r t s  can be r e l a t e d  t o  the  f a c t  t h a t  weather 
c o n d i t i o n s  were c i t e d  as  a  f a c t o r  i n  48 pe rcen t  of the g e n e r a l  a v i a t i o n  acc iden t s  
which occurred dur ing a  r e c e n t  7-year per iod.  Although i t  i s  d i f f i c u l t  a t  t h i s  
t ime t o  determine e x a c t l y  what p a r t  weather p lays  i n  an a c c i d e n t ,  the circumstances 
i n d i c a t e  t h a t  the  p i l o t s  involved i n  these  acc iden t s  may have had d i f f i c u l t y  
e f f e c t i v e l y  g a t h e r i n g  and i n t e r p r e t i n g  s u f f i c i e n t  weather informat ion t o  make sound 
o p e r a t i o n a l  d e c i s i o n s .  

c. The economic b e n e f i t s  of automated systems r e s u l t  from the high cos t  of 
providing manual obse rva t ions  and the  d i f f i c u l t i e s  a s s o c i a t e d  wi th  i n d i v i d u a l  u s e r s  
a c q u i r i n g  t h e i r  own obse rva t ions .  A d d i t i o n a l l y ,  opera to r s  a r e  r equ i red  t o  accept  a  
minimum approach a l t i t u d e  pena l ty  f o r  s a f e t y  reasons i f  an a l t i m e t e r  s e t t i n g  must 
be e x t r a p o l a t e d  from a  d i s t a n t  source.  This  reduces the  capac i ty  of the  a i r p o r t  
and reduces  t h e  v i a b i l i t y  of using t h i s  a i r p o r t  f o r  d e s t i n a t i o n  or a l t e r n a t e  
purposes i n  poor weather  cond i t ions .  Also,  the re  a r e  a d d i t i o n a l  f a c t o r s ,  such as 
f u e l  consumption and man-hours expended, which could be reduced as a  r e s u l t  of more 
e f f e c t i v e  o p e r a t i o n a l  d e c i s i o n s  based on a c c u r a t e  and r e l i a b l e  weather informat ion 
a t  a d d i t i o n a l  a i r p o r t s .  More s p e c i f i c  informat ion i s  addressed i n  Report 
No. FAA-APO-83-6, Establ ishment  and Discont inuance C r i t e r i a  f o r  Automated Weather 
Observing Systems (AWOS), May 1983. 

d. Expected P u b l i c  and User Impact. It  i s  a n t i c i p a t e d  t h a t  implementation of 
AWOS t o  supplement the  c u r r e n t  obse rva t ion  network w i l l  produce no adverse pub l i c  

- - 

o r  u s e r  impact. I n s t e a d ,  these  systems should s i g n i f i c a n t l y  b e n e f i t  the  pub l i c  and 
the  use r .  

e .  Previous  Congress ional  A t t e n t i o n  o r  Mandates. Congress ional  i n t e r e s t  i n  
improving the  accuracy and r e l i a b i l i t y  of a v i a t i o n  weather s e r v i c e s  has 
h i s t o r i c a l l y  been, and remains,  high. The primary focus of t h i s  i n t e r e s t  has been 
weather f a c t o r s ,  such as  thunderstorms,  wind shear ,  and o t h e r  hazardous phenomena, 
r e l a t e d  t o  a i r c r a f t  a c c i d e n t s .  This i n t e r e s t  has a l s o  included the  weather 
s e r v i c e s  provided by FSS. Congressional  c o n s t r a i n t s  r e s t r i c t  the  c losure  or 
par t - t iming of FSS's wi thou t  providing weather informat ion r e l a t i n g  t o  
temperature ,  dewpoint ,  barometr ic  p ressure ,  c e i l i n g ,  v i s i b i l i t y ,  and wind d i r e c t i o n  
and speed which i s  as good or  b e t t e r  than the  s e r v i c e  provided by e i t h e r  
mechanical device  or  c o n t r a c t  with another  par ty .  A c r o s s c u t  a n a l y s i s  s tudy dated 
October 13, 1979,  prepared f o r  the O f f i c e  of Management and Budget (OMB) by the  
Federa l  Coord ina to r ,  recommended common a c t i o n s  by the Department of Commerce ' 

(DOC), Department of Defense (DOD), and Department of T r a n s p o r t a t i o n  (DOT) f o r  
weather obse rva t ions  and equipment t o  provide  the  necessary  weather s e r v i c e s .  

f .  Environmental Assessment. The implementation of AWOS w i l l  produce no 
adverse  environmental  impact. 
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a.  Research,  Engineer ing,  and Development Appropr ia t ion.  Approximately $2.2M 
has  been expended on t h e  development and f e a s i b i l i t y  t e s t  of AWOS and AWOS sensors  
between 1978 and 1982. It  i s  e s t ima ted  t h a t  con t inu ing  development and e v a l u a t i o n  
of  s e n s o r s  and so f tware  f o r  AWOS enhancements w i l l  r e q u i r e :  

b. A c q u i s i t i o n  Costs.  Es t imated a c q u i s i t i o n  c o s t s  f o r  the procurement, 
i n s t a l l a t i o n ,  and suppor t  of AWOS a r e  a s  fo l lows:  

Each l o c a t i o n  (FY-82 d o l l a r s )  

Hardwarelsoftware $91,000 (This  amount w i l l  be reduced 
I n s t a l l a t i o n / s p a r e s  $67,000 wi th  f u l l  product ion)  
Amortized s t a r t  up c o s t  $12,000 
T o t a l  Cost  $170,000 

c .  L i f e  Cycle Cost  Est imates .  A p re l iminary  comparison of the  c o s t s  of the 
e x i s t i n g  manual weather  obse rva t ion  system with  those  c o s t s  e s t ima ted  f o r  an AWOS 
i n s t a l l e d  e i t h e r  a t  an a i r p o r t  with a  manned or  unmanned ATCT has  been conducted. 
These c o s t s  were based upon 1982 d o l l a r s  and included the  c a t e g o r i e s  of 
"Development," "Investment,"  and "Annual Opera t ing  Costs." The automated system i s  
s u b j e c t  t o  development and investment c o s t s ,  bu t  the  e x i s t i n g  manual system is 
f u l l y  developed and replacement sensors  and o t h e r  equipment a r e  t r e a t e d  as  an 
annual  r e c u r r i n g  c o s t .  Equipment replacement f o r  the  manual system is assumed t o  
occur  f o r  only  8 y e a r s ,  s i n c e ,  a t  a  replacement r a t e  of 12 112 pe rcen t  annua l ly ,  
t h e  t o t a l  system should  be rep laced  i n  8  years .  Also,  as  new equipment r e p l a c e s  
o l d ,  t h e  amount of maintenance manpower requ i red  f o r  the  manual system a l s o  
dec reases .  

( 1 )  The above f a c t o r s  were used i n  the  c a l c u l a t i o n  of l i f e  cyc le  c o s t s  
f o r  t h e  e x i s t i n g  manual system and the  automated system. They a r e  shown i n  
paragraph lOc(3) a s  "Present  Value Cost." This q u a n t i t y  r e f l e c t s  each y e a r ' s  
expected c o s t  m u l t i p l i e d  by t h a t  y e a r ' s  d i scoun t  f a c t o r  and then summed over the 
15-year p lanning ( l i f e  cyc le )  pe r iod .  The d i scoun t  r a t e  was 10 percent  per year.  

( 2 )  The a c c e p t a b l e  manual observing system op t ions  a t  an a i r p o r t  wi th  an 
a c t i v e  ATCT a r e  t h e  e x i s t i n g  system e i t h e r  with FAA o r  NWS personnel  t ak ing  the 
o b s e r v a t i o n ,  o r  wi th  fu l l - t ime  weather s e r v i c e  c o n t r a c t  me teoro log ica l  obse rva to ry  
(WSCMO) personne l  t a k i n g  the  obse rva t ion .  The use  of SAWRS obse rva t ions  a t  an 
a c t i v e  ATCT i s  no t  considered an a l t e r n a t i v e ,  s i n c e  t h e i r  weather obse rva t ions  a r e  
n o t  always a v a i l a b l e  t o  the  genera l  a v i a t i o n  community. I n  l i k e  manner, the  
reduced c o s t  of the  c o n t r a c t  b a s i c  o p t i o n  i s  a l s o  not  an accep tab le  o p t i o n ,  s i n c e  
t h e  weather obse rver  i s  only paid f o r  t ak ing  s p e c i f i c a l l y  p resc r ibed ,  hour ly  
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observa t ions .  He/she i s  no t  a  fu l l - t ime  employee, and t h e s e  c o s t s  do not r e f l e c t  
t h e  c a p a b i l i t y  t o  r e l a y  c u r r e n t  weather obse rva t ions  d i r e c t l y  t o  an inbound 
a i r c r a f t  v i a  r ad io .  

( 3 )  The c o s t s  a s s o c i a t e d  wi th  t h e s e  e s t i m a t e s  a r e  shown i n  the  fo l lowing 
f i g u r e  and were ob ta ined  from an AWOS c o s t  a n a l y s i s  by Kentron I n t e r n a t i o n a l  
developed i n  May 1982. 

Develop- Invest -  Annua 1 Presen t  
ment men t Operat ing Value 

System Agency A c t i v i t y  Cost ($1 Cost ( $ )  Cost ($1 Cost ($1 

E x i s t i n g  AT CT 
Manual 
System 

FAA 

NWS 

N on- 
Gov' t. 

Automated 
System 

Observer 

FS S 

NWS 
Observer 
a t  an 
A i r p o r t  

Con t rac t  
Bas ic  

WSCMO 

SAWRS 

Manned 
A i r p o r t  
( ATCT 

Unmanned 
A i r p o r t  
(no ATCT) 

( 4 )  Since the  c o s t s  used t o  develop l i f e  cyc le  c o s t s  of an automated 
system a r e  e s t i m a t e s ,  a  l o g i c a l  ques t ion  i s  "What would happen t o  the  l i f e  cyc le  
c o s t s  of the  automated system i f  the  investment cos t  and annual r e c u r r i n g  c o s t s  
were more than a n t i c i p a t e d ? "  To answer t h i s  ques t ion ,  a  s e n s i t i v i t y  a n a l y s i s  was 
performed on an automated system i n s t a l l e d  a t  a  manned a i r p o r t ,  us ing the  fo l lowing 
assumptions:  

Page 10 

( a )  Development c o s t s  d id  not  change. 
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( b )  The c o s t  of the  automated system (investment c o s t )  i s  50 pe rcen t  
more than e s t i m a t e d  ($122,490 x  1.5 = $183,735). 

( c )  Annual r e c u r r i n g  c o s t s  were underes t imated by a  f a c t o r  of th ree  
( t h e  r e v i s e d  c o s t s  a r e  $12,349 x 3 ,  or  $37,047 annua l ly ) .  

( 5 )  Under t h e s e  c o n d i t i o n s ,  the  15-year, 10 pe rcen t  d iscount  l i f e  cycle 
( p r e s e n t  v a l u e )  c o s t  was computed t o  be $450,916, a  va lue  s t i l l  considerably  l e s s  
than t h e  a c c e p t a b l e  op t ions  f o r  the  c o l l e c t i o n  and d i s semina t ion  of weather da ta  a t  
an a i r p o r t  wi th  an a c t i v e  ATCT. 

( 6 )  Report  No. FAA-APO-83-6 has l i f e  cyc le  c o s t  e s t ima tes  f o r  automated 
systems wi th  and wi thou t  p r e c i p i t a t i o n  and thunderstorm d e t e c t i o n .  This r epor t  
does not  inc lude  development c o s t s  f o r  an automated sys  tem whi le  the Kentron s tudy 
included development c o s t s .  The d i f f e r e n t  approaches r e q u i r e  emphasis on the  f a c t  
t h a t  the  FAA r e p o r t  and the  a s s o c i a t e d  planning s t andards  w i l l  be used i n  the 
es tab l i shment  c r i t e r i a .  

11. M I N I M U M  BENEFITS OF ANY PROPOSED SOLUTION. Any proposed s o l u t i o n  must s a t i s f y  
t h e  miss ion needs and o p e r a t i o n a l  requirements as def ined i n  t h i s  order .  

12. RELIABILITY, MAINTAINABILITY, PRODUCTIVITY, SAFETY, ENERGY, ENVIRONME8TAL, AND 
STAFFING GUIDELINES GOVERNING SYSTEM ACQUISITION. No d e v i a t i o n s  from cur rdn t  FAA 
p o l i c i e s  and ph i losoph ies  should be requ i red  by the  automation of su r face  weather 
o b s e r v a t i o n  systems.  System r e l i a b i l i t y  and s a f e t y  should  be such t h a t  the 
automation of s u r f  ace  weather obse rva t ions  w i l l  not  d i s r u p t  r o u t i n e  a i r c r a f t  or ATC 
o p e r a t i o n s ,  and w i l l  not  degrade the  weather s e r v i c e s  provided. 

13. MANAGEMENT DECISION MILESTONES. Program assessment w i l l  be conducted j o i n t l y  
by the  A s s o c i a t e  Admin i s t ra to r s  f o r  Admin i s t ra t ion ,  Avia t ion  Standards ,  Development 
and L o g i s t i c s ,  and t h e  D i r e c t o r ,  A i r  T r a f f i c  S e r v i c e ,  p r i o r  to  the  key dec i s ion  
p o i n t s  r e l a t i n g  t o  p ro to type  development, f u l l - s c a l e  development and f i e l d  t e s t i n g ,  
and development t o  ensure  t h a t  the  program miles tones  a r e  met, t h a t  the  system i s  
o p e r a t i o n a l l y  s u i t a b l e ,  and t h a t  the  program i s  p roper ly  managed. 

14. RELATED PUBLICATIONS. The p u b l i c a t i o n s  r e l a t e d  t o  the  development, 
procurement, and i n s t a l l a t i o n  of AWOS a r e  l i s t e d  i n  Appendix 1 ,  Related 
P u b l i c a t i o n s .  

-x- 
J .  Lynn Helms 
Admin i s t ra to r  
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APPENDIX 1. RELATED PUBLICATIONS 

1. Executive Office of the President, Bureau of the Budget. Circular No. A-62, 
Policies and Procedures for the Coordination of Federal Meteorological Services. 

2. Office of Federal Coordinator. Crosscut Analysis of Agency Proposals for 
Surface Weather Observation Automation. 

3. Government. 

a. FAA. - 
(1) Order 7000.2A, FAA/NOAA Memorandum of Agreement, dated 3/25/77. 

(2) ATF-4 - Summary of FAR, Aviation Weather Requirements - (undated). 

(3) OSEM - Definition Description and Interface of the FAA's Development 
Programs, FAA-EM-78-1611 and 17, dated 9/78. 

( 4 )  SRDS Development Plan for Aviation Automated Weather Observation 
System (AVAWOS), dated 7/76. 

(5) Lincoln Lab Report, A Concept Plan for the Development of a weather 
Support Subsystem for ATC FAA-RD-76-23, dated 4/16/76. 

(6) New Engineering & Development Initiatives - Policy and Technology 
Choices - Consensus Views of UserlAviation Industry Representatives, Contract 
DOT-FA77WA-4001, Vols. I & 11, dated 3/1/79. 

(7) Systems Research and Development Service - Aviation Weather System 
(AWES) Engineering Architecture and Design Concept, dated 3/21/79, Rev. 7/79, (MSI 
Report dated 10179, DOT-FA78WAI-881). 

(8) Order 7110.65C, Air Traffic Control, dated 1/1/80. 

(9) Evaluation of Safety Programs with Respect to the Causes of General 
Aviation Accidents, Vols. I & 11, dated 5/80, DOT/FAA ASP 80-2180-28. 

(10) Department of Transportation, Federal Aviation Administration: 
National Airspace System Plan, dated 4/83, as amended. 

(11) Order 7031.2B (Latest Edition), dated 9120174, Airway Planning 
Standard Number One - Terminal Air Navigation Facilities and Air Traffic Control 
Services. 

b. National Oceanic and Atmospheric Administration (NOAA)/National Weather 
Service (NWS) . 

(1) NWS - Summary of NWS Weather Observing Responsibilities (Start 1812) 
and Chronological 

(2) NOAA 
and Fog - Boulder 

List of Legislative Authority. 

Technical Digest - Optical Propagation through Turbulence, Rain 
Co., dated 819-11/77. 
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( 3 )  NOAA Measurement of Rain Parameters  by O p t i c a l  S c i n t i l l a t i o n  (Laser )  - 
Applied O p t i c s ,  da ted  8/77. 

( 4 )  NOAA - A F e a s i b i l i t y  Study of I d e n t i f y i n g  Weather by Laser  Forward 
S c a t t e r i n g ,  da ted  10178. 

(5) Na t iona l  Weather Serv ice  O f f i c e s  and S t a t i o n s ,  dated 1/79. 

( 6 )  F e d e r a l  Meteorological  Handbook FMH-1, da ted  1/1/79. 

( 7 )  F e d e r a l  Meteorological  Handbook FHM-9, da ted  1/1/79. 

c.  D O D / A i r  Weather Serv ice  (AWS). 

( 1 )  A i r  Force Geophysics Laboratory  (AFGL) - The development of a Fixed 
Base Automated Weather Sensing and Display System; AFGL-TR-78-0009, da ted  1/6/78. 

( 2 )  AFGL - Pre l iminary  Assessment of an  Automated System f o r  De tec t ing  
P r e s e n t  Weather (Decis ion Tree) ; AFGL-TR-79-0137, da ted  6/26/79. 

( 3 )  Required Operat ion C a p a b i l i t y  (ROC) AFCS 601-77 Automated Weather 
Observing System (AWOS), da ted  2/16/77. 

d. User lo ther .  

(1) C r i t e r i a  f o r  Weather Observat ions  a t  General  Aviat ion A i r p o r t s  WYATT 
f o r  AOPA, da ted  11/76. 

( 2 )  L igh tn ing  Detec t ion  System f o r  F i r e  Management - Univers i ty  of 
Arizona,  Repr in t  No. 396, dated 3/78. 

(3 )  A New Approach t o  L igh tn ing  P o s i t i o n  and Tracking - A t l a n t i c  Science 
Corporat ion,  da ted  3/79. 
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